This paper is focused on displacement monitoring of a bridge, which is one of the key aspects of its structural health monitoring.
technique (Ferretti et al., 2001; Crosetto et al., 2016) . PSI has been successfully used in different applications fields, including landslide monitoring (Crosetto et al., 2013) , urban subsidence monitoring ( Tosi et al., 2016) , linear infrastructures (Lin et al., 2010) , etc. In this work we consider a particular PSI application: the monitoring of the displacements associated with thermal expansion (Eineder et al., 2009; Gernhardt et al., 2010) . Several authors have published works related to the thermal expansion of bridges using X-band data, e.g. see Crosetto et al. (2010) ; Monserrat et al. (2011) ; Reale et al. (2013) ; Fornaro et al. (2013) ; Goel et al. (2014) . The innovative aspect of this work is the use of Sentinel-1 C-band data, processing them with a simplified PSI technique.
Section 2 provides a description of the studied bridge.
Section 3 describes the Sentinel-1 data processing. Section 4 is devoted to the analysis of the PSI displacements, while Section 5 describes the estimation of the Coefficient of Thermal Expansion. Section 6 discusses the procedure to evaluate the health status of the bridge movable bearings.
Finally, Section 7 contains the conclusions of this work.
DESCRIPTION OF DASHENGGUAN BRIDGE
The Dashengguan Yangtze River Bridge is a high-speed railway bridge located in Nanjing, China. The bridge is symmetric. Each part includes three segments of 108 m, 192 m and 336 m, respectively, see Figure 1 . The bridge hosts 2 tracks of the Beijing-Shanghai high-speed line, 2 tracks of the Shanghai-Chengdu railway line, and 2 tracks of the Nanjing metro. The bridge width is 30 m, see Figure 2 . The bridge main structure is built using three types of steel:
Q345qD, Q370qE and Q420qE. The Coefficients of Thermal Expansion (CTE) of Q345qD, Q370qE and Q420qE are 16.0E-6 /°C, 13.0 E-6/°C and 13.0 E-6/°C, respectively. In order to adapt to the bridge longitudinal thermal dilation, the main bridge is supported by six movable bearings on each sides, named 4#, 5#, 6# on the northwest and 8#, 9#, 10# on the southeast, while a fixed bearing is mounted at 7#, see Figure 3 . In our approach the redundancy is exploited to control the phase unwrapping errors. Figure 4 shows the twenty-eight consecutive differential interferograms of the stack. In this figure We tried to used the extended PSI model proposed by Monserrat et al. (2011) . Unfortunately, the twenty-nine images proved to be insufficient to properly estimate the three phase components, namely the linear displacement, the DEM error and the thermal dilation. Therefore, we use an alternative and simplified approach. Due to small size of the Sentinel-1A obital tube, the perpendicular baselines of the interferograms are smaller than 150 m: their average value is 46 m, see Figure 5 . For this reason, we considered the phase component due to DEM error negligible. We also considered negligible the phase component due to linear deformation.
We carried out the analysis by considering that the dominant component of the observed interferometric phases is due to thermal expansion (according to existing displacement measurement on the piers, see Wang et al. (2016) and Zhou (2015) , the horizontal displacements due to thermal expansion of the bridge exceed 1 dm). errors. In addition, we applied for the pixel selection a threshold of 0.2 on the dispersion of amplitude (Ferretti et al., 2001) . A total 1828 pixels was selected at this stage. We then applied the 2+1D phase unwrapping algorithm . The unwrapped phases were transformed into displacements and referred to a reference point located in 7#, see Figure 1 . We assumed that the LOS deformation is only caused by the longitudinal displacement of the bridge. We then converted the LOS displacements into a longitudinal displacements. 
No

SPATIAL AND TEMPORAL ANALYSIS OF DISPLACEMENTS
CTE ESTIMATION
In order to estimate the CTE, we assumed that the bearings are working properly, and in particular that they do not block the free movement of the bridge. If this is true, the longitudinal displacement of the bridge should have a linear relation with the distance from the reference (the fixed bearing 7#). A line with a slope of k can be fitted to the data, see Figure 8 . The CTE can be calculated as:
where α CTE is the calculated CTE, ∆T is the ambient temperature difference with respect to the master acquisition, Lx is the distance of a given pixel x to the reference point, and d Lx is the corresponding longitudinal displacement. Instead of estimating CTE using just one PSI measurement, the CTE was estimated using all the available PSI points. The estimated CTE is 12.0E-6/°C. The main truss of the bridge is built by Q420qE, see Figure 2 : the estimated CTE has a good agreement with the one of the bridge material. 
EVALUATION OF MOVABLE BEARING HEALTH STATUS
The performance of movable bearings is one of the key aspects to evaluate the bridge health state. For this, it is necessary to carry out a long-term monitoring and evaluation of the bearing state, assessing the degradation of the bearing performance, e.g. to plan repairs, replacements, etc. We propose to evaluate the movable bearing state using the PSI measurements. The first step is to compute the following linear regression model at each pier:
where d L is the longitudinal displacement at each pier, T is the ambient temperature at the image acquisition time, and The coverage of the Sentinel-1 imagery (240 by 180 km) is key to achieve this goal. It is worth noting that in this study ambient temperatures were used: more accurate temperatures, directly related to the studied structure, could be acquired to improve displacement modelling and health status evaluation.
